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AZAINDOLES USEFUL AS INHIBITORS OF 
JANUS KINASES 

This application claims the bene?t of US. Provisional 
Application No. 60/759,367, ?led Jan. 17, 2006 and US. 
Provisional Application No. 60/842,471, ?led Sep. 6, 2006, 
both of Which are herein incorporated by reference. 

TECHNICAL FIELD OF THE INVENTION 

The present invention relates to compounds useful as 
inhibitors of Janus kinases (JAK). The invention also pro 
vides pharmaceutically acceptable compositions comprising 
the compounds of the invention and methods of using the 
compositions in the treatment of various disorders. 

BACKGROUND OF THE INVENTION 

The Janus kinases (JAK) are a family of tyrosine kinases 
consisting of JAKl, JAK2, JAK3 and TYK2. The JAKs play 
a critical role in cytokine signaling. The doWn-stream sub 
strates of the JAK family of kinases include the signal trans 
ducer and activator of transcription (STAT) proteins. JAK/ 
STAT signaling has been implicated in the mediation of many 
abnormal immune responses such as allergies, asthma, 
autoimmune diseases such as transplant rejection, rheuma 
toid arthritis, amyotrophic lateral sclerosis and multiple scle 
rosis as Well as in solid and hematologic malignancies such as 
leukemias and lymphomas. JAK2 has also been implicated in 
myeloproliferative disorders, Which include polycythemia 
vera, essential thrombocythemia, chronic idiopathic myelo? 
brosis, myeloid metaplasia With myelo?brosis, chronic 
myeloid leukemia, chronic myelomonocytic leukemia, 
chronic eosinophilic leukemia, hypereosinophilic syndrome 
and systematic mast cell disease. 

Accordingly, there is a great need to develop compounds 
useful as inhibitors of protein kinases. In particular, it Would 
be desirable to develop compounds that are useful as inhibi 
tors of JAK family kinases. 

SUMMARY OF THE INVENTION 

It has noW been found that compounds of this invention, 
and pharmaceutically acceptable compositions thereof, are 
effective as inhibitors of protein kinases, particularly the JAK 
family kinases. These compounds have the general formula I: 

R2 
X1 

7// \jiRl 
N 
/N 

R3 
/ 

or a pharmaceutically acceptable salt thereof, Wherein X1, R1, 
R2 and R3 are as de?ned herein. 

These compounds, and pharmaceutically acceptable com 
positions thereof, are useful for treating or lessening the 
severity of a variety of disorders, including proliferative dis 
orders, cardiac disorders, neurodegenerative disorders, 
autoimmune disorders, conditions associated With organ 
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2 
transplantation, in?ammatory disorders, or immunologically 
mediated disorders in a patient. 
The compounds and compositions provided by this inven 

tion are also useful for the study of JAK kinases in biological 
and pathological phenomena; the study of intracellular signal 
transduction pathWays mediated by such kinases; and the 
comparative evaluation of neW kinase inhibitors. 

DETAILED DESCRIPTION OF THE INVENTION 

De?nitions and General Terminology 

As used herein, the folloWing de?nitions shall apply unless 
otherWise indicated. For purposes of this invention, the 
chemical elements are identi?ed in accordance With the Peri 
odic Table of the Elements, CAS version, and the Handbook 
of Chemistry and Physics, 75”’ Ed. 1994. Additionally, gen 
eral principles of organic chemistry are described in “Organic 
Chemistry”, Thomas Sorrell, University Science Books, Sau 
salito: 1999, and “March’s Advanced Organic Chemistry”, 
5”’ Ed., Smith, M. B. and March, 1., eds. John Wiley & Sons, 
NeW York: 2001, the entire contents of Which are hereby 
incorporated by reference. 
As described herein, compounds of the invention may 

optionally be substituted With one or more substitutents, such 
as are illustrated generally above, or as exempli?ed by par 
ticular classes, subclasses, and species of the invention. It Will 
be appreciated that the phrase “optionally substituted” is used 
interchangeably With the phrase “substituted or unsubsti 
tuted.” In general, the term “substituted”, Whether preceded 
by the term “optionally” or not, refers to the replacement of 
one or more hydrogen radicals in a given structure With the 
radical of a speci?ed substitutent. Unless otherWise indicated, 
an optionally substituted group may have a substitutent at 
each substitutable position of the group. When more than one 
position in a given structure can be substituted With more than 
one substitutent selected from a speci?ed group, the substi 
tutent may be either the same or different at each position. 
As described herein, When the term “optionally substi 

tuted” precedes a list, said term refers to all of the subsequent 
substitutable groups in that list. If a substitutent radical or 
structure is not identi?ed or de?ned as “optionally substi 
tuted”, the substitutent radical or structure is unsubstituted. 
For example, if X is halogen; optionally substituted C l_3alkyl 
or phenyl; X may be either optionally substituted alkyl or 
optionally substituted phenyl. LikeWise, if the term “option 
ally substituted” folloWs a list, said term also refers to all of 
the substitutable groups in the prior list unless otherWise 
indicated. For example: if X is halogen, Cl_3alkyl or phenyl 
Wherein X is optionally substituted by JX, then both C l_3alkyl 
and phenyl may be optionally substituted by IX. As is apparent 
to one having ordinary skill in the art, groups such as H, 
halogen, N02, CN, NH2, OH, or OCF3 Would not be included 
because they are not substitutable groups. 

Combinations of substitutents envisioned by this invention 
are preferably those that result in the formation of stable or 
chemically feasible compounds. The term “stable”, as used 
herein, refers to compounds that are not substantially altered 
When subjected to conditions to alloW for their production, 
detection, and, preferably, their recovery, puri?cation, and 
use for one or more of the purposes disclosed herein. In some 

embodiments, a stable compound or chemically feasible 
compound is one that is not substantially altered When kept at 
a temperature of 400 C. or less, in the absence of moisture or 
other chemically reactive conditions, for at least a Week. 
The term “aliphatic” or “aliphatic group”, as used herein, 

means a straight-chain (i.e., unbranched) or branched, substi 
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tuted or unsubstituted hydrocarbon chain that is completely 
saturated or that contains one or more units of unsaturation. 

Unless otherWise speci?ed, aliphatic groups contain 1-20 
aliphatic carbon atoms. In some embodiments, aliphatic 
groups contain 1-10 aliphatic carbon atoms. In other embodi 
ments, aliphatic groups contain 1-8 aliphatic carbon atoms. In 
still other embodiments, aliphatic groups contain 1-6 ali 
phatic carbon atoms, and In yet other embodiments, aliphatic 
groups contain 1-4 aliphatic carbon atoms. Suitable aliphatic 
groups include, but are not limited to, linear or branched, 
substituted or unsubstituted alkyl, alkenyl, or alkynyl groups. 
Further examples of aliphatic groups include methyl, ethyl, 
propyl, butyl, isopropyl, isobutyl, vinyl, and sec-butyl. 

The term “cycloaliphatic” (or “carbocycle” or 
“cycloalkyl”) refers to a hydrocarbon that is completely satu 
rated or that contains one or more units of unsaturation, but 
Which is not aromatic, that has a single point of attachment to 
the rest of the molecule, and Wherein any individual ring in 
said bicyclic ring system has 3-7 members. Unless otherWise 
speci?ed, the term “cycloaliphatic” refers to a monocyclic 
C3 -C8 hydrocarbon or bicyclic CS-Cl 2 hydrocarbon. Suitable 
cycloaliphatic groups include, but are not limited to, 
cycloalkyl, cycloalkenyl, and cycloalkynyl. Further examples 
of aliphatic groups include cyclopropyl, cyclobutyl, cyclo 
pentyl, cyclopentenyl, cyclohexyl, cyclohexenyl, cyclohep 
tyl, and cycloheptenyl. 

The term “heterocycle”, “heterocyclyl” or “heterocyclic” 
as used herein refers to a monocyclic, bicyclic, or tricyclic 
ring system in Which one or more ring members are an inde 
pendently selected heteroatom and that is completely satu 
rated or that contains one or more units of unsaturation, but 
Which is not aromatic, that has a single point of attachment to 
the rest of the molecule. In some embodiments, the “hetero 
cycle”, “heterocyclyl” or “heterocyclic” group has three to 
fourteen ring members in Which one or more ring members is 
a heteroatom independently selected from oxygen, sulfur, 
nitrogen, or phosphorus, and each ring in the system contains 
3 to 7 ring members. 

Examples of heterocyclic rings include, but are not limited 
to, the folloWing monocycles: 2-tetrahydrofuranyl, 3 -tetrahy 
drofuranyl, 2-tetrahydrothiophenyl, 3-tetrahydrothiophenyl, 
2-morpholino, 3-morpholino, 4-morpholino, 2-thiomor 
pholino, 3-thiomorpholino, 4-thiomorpholino, 1-pyrrolidi 
nyl, 2-pyrrolidinyl, 3-pyrrolidinyl, 1-tetrahydropiperaZinyl, 
2-tetrahydropiperaZinyl, 3 -tetrahydropiperaZinyl, 1 -piperidi 
nyl, 2-piperidinyl, 3-piperidinyl, 1-pyraZolinyl, 3-pyraZoli 
nyl, 4-pyraZolinyl, 5-pyraZolinyl, 1-piperidinyl, 2-piperidi 
nyl, 3-piperidinyl, 4-piperidinyl, 2-thiaZolidinyl, 
3-thiaZolidinyl, 4-thiaZolidinyl, 1-imidaZolidinyl, 2-imidaZo 
lidinyl, 4-imidaZolidinyl, 5-imidaZolidinyl; and the folloWing 
bicycles: 3-1H-benZimidaZol-2-one, 3-(1-alkyl)-benZimida 
Zol-2-one, indolinyl, tetrahydroquinolinyl, tetrahydroiso 
quinolinyl, benZothiolane, benZodithiane, and 1,3-dihydro 
imidaZol-2-one. 

The term “heteroatom” means one or more of oxygen, 

sulfur, nitrogen, phosphorus, or silicon, including any oxi 
diZed form of nitrogen, sulfur, phosphorus, or silicon, the 
quaterniZed form of any basic nitrogen, or a substitutable 
nitrogen of a heterocyclic ring, for example N (as in 3,4 
dihydro-2H-pyrrolyl), NH (as in pyrrolidinyl) or NR+ (as in 
N-substituted pyrrolidinyl). 

The term “unsaturated”, as used herein, means that a moi 
ety has one or more units of unsaturation. 

The term “aryl” used alone or as part of a larger moiety as 
in “aralkyl”, “aralkoxy”, or “aryloxyalkyl”, refers to mono 
cyclic, bicyclic, and tricyclic carbocyclic ring systems having 
a total of six to fourteen ring members, Wherein at least one 
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4 
ring in the system is aromatic, Wherein each ring in the system 
contains 3 to 7 ring members and that has a single point of 
attachment to the rest of the molecule. The term “aryl” may be 
used interchangeably With the term “aryl ring”. Examples of 
aryl rings Would include phenyl, naphthyl, and anthracene. 
The term “heteroaryl”, used alone or as part of a larger 

moiety as in “heteroaralkyl” or “heteroarylalkoxy”, refers to 
monocyclic, bicyclic, and tricyclic ring systems having a total 
of ?ve to fourteen ring members, Wherein at least one ring in 
the system is aromatic, at least one ring in the system contains 
one or more heteroatoms, Wherein each ring in the system 
contains 3 to 7 ring members and that has a single point of 
attachment to the rest of the molecule. The term “heteroaryl” 
may be used interchangeably With the term “heteroaryl ring” 
or the term “heteroaromatic”. 

Further examples of heteroaryl rings include the folloWing 
monocycles: 2-furanyl, 3-furanyl, N-imidaZolyl, 2-imida 
Zolyl, 4-imidaZolyl, 5-imidaZolyl, 3-isoxaZolyl, 4-isoxaZolyl, 
5-isoxaZolyl, 2-oxaZolyl, 4-oxaZolyl, 5-oxaZolyl, N-pyrrolyl, 
2-pyrrolyl, 3-pyrrolyl, 2-pyridyl, 3-pyridyl, 4-pyridyl, 2-py 
rimidinyl, 4-pyrimidinyl, 5-pyrimidinyl, pyridaZinyl (e.g., 
3-pyridaZinyl), 2-thiaZolyl, 4-thiaZolyl, 5-thiaZolyl, tetra 
Zolyl (e.g., 5-tetraZolyl), triaZolyl (e.g., 2-triaZolyl and 5-tria 
Zolyl), 2-thienyl, 3-thienyl, pyraZolyl (e.g., 2-pyraZolyl), 
isothiaZolyl, 1,2,3-oxadiaZolyl, 1,2,5-oxadiaZolyl, 1,2,4-oxa 
diaZolyl, 1,2,3-triaZolyl, 1,2,3-thiadiaZolyl, 1,3,4-thiadiaZ 
olyl, 1,2,5-thiadiaZolyl, pyraZinyl, 1,3,5-triaZinyl, and the 
folloWing bicycles: benZimidaZolyl, benZofuryl, ben 
Zothiophenyl, indolyl (e.g., 2-indolyl), purinyl, quinolinyl 
(e.g., 2-quinolinyl, 3-quinolinyl, 4-quinolinyl), and isoquino 
linyl (e.g., l-isoquinolinyl, 3-isoquinolinyl, or 4-isoquinoli 
nyl). 

In some embodiments, an aryl (including aralkyl, aralkoxy, 
aryloxyalkyl and the like) or heteroaryl (including het 
eroaralkyl and heteroarylalkoxy and the like) group may con 
tain one or more substitutents. Suitable substitutents on the 

unsaturated carbon atom of an aryl or heteroaryl group are 
selected from those listed in the de?nitions of R2 and R4 
beloW. Other suitable substitutents include: halogen; iRO; 
‘0R0; iSRO; 1,2-methylenedioxy; 1,2-ethylenedioxy; 
phenyl (Ph) optionally substituted With R0; 4O(Ph) option 
ally substituted With R0; i(CH2)l_2(Ph), optionally substi 
tuted With R0; iCH:CH(Ph), optionally substituted With 
R0; iNOZ; iCN; iN(RO)2; *NR°C(O)R°; iNR°C(S) 
R0; iNR°C(O)N(R0)2; *NR°C(S)N(R0)2; iNRoCOzRo; 
iNR°NR°C(O)R°; iNR°NR°C(O)N(R°)2; 
iNRONROCOZRO; iC(O)C(O)R°; iC(O)CH2C(O)R°; 
%O2R°; %(O)R°; *C($)R°; *C(O)N(R°)2; %(S)N 
(Rob; %3C(O)N(R°)2; -0C(0)R°; -C(O)N(ORO)RO; 
%(NORO)RO; -s<0)2R0; -S<O)3RO; -SO2N(RO)2; 
iS(O)R°; iNR°SO2N(R0)2; *NROSOZRO; iN(OR°)R°; 
4C(:NH)iN(R°)2; or i(CH2)O_2NHC(O)R°; Wherein 
each independent occurrence of R0 is selected from hydro 
gen, optionally substituted C1_6 aliphatic, an unsubstituted 
5-6 membered heteroaryl or heterocyclic ring, phenyl, 
4O(Ph), or iCH2(Ph), or, tWo independent occurrences of 
R0, on the same substitutent or different substitutents, taken 

together With the atom(s) to Which each R0 group is bound, 
form a 5-8-membered heterocyclyl, aryl, or heteroaryl ring or 
a 3-8-membered cycloalkyl ring, Wherein said heteroaryl or 
heterocyclyl ring has 1-3 heteroatoms independently selected 
from nitrogen, oxygen, or sulfur. Optional sub stitutents on the 
aliphatic group of R0 are selected from NH2, NH(Cl_4ali 
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phatic), N(Cl_4aliphatic)2, halogen, Cl_4aliphatic, OH, 
O(Cl_4 aliphatic), NO2, CN, CO2H, CO2(Cl_4aliphatic), 
O(haloCl_4 aliphatic), or haloCl_4aliphatic, Wherein each of 
the foregoing C l_4aliphatic groups of R0 is unsubstituted. 

In some embodiments, an aliphatic or heteroaliphatic 
group, or a non-aromatic heterocyclic ring may contain one or 
more substitutents. Suitable substitutents on the saturated 
carbon of an aliphatic or heteroaliphatic group, or of a non 
aromatic heterocyclic ring are selected from those listed 
above for the unsaturated carbon of an aryl or heteroaryl 
group and additionally include the following: :0, :S, 
:NNHR’F, :NN(R*)2, :NNHC(O)R*, :NNHCO2 
(alkyl), :NNHSO2(alkyl), or :NR’X‘, Where each R* is inde 
pendently selected from hydrogen or an optionally substi 
tuted C1_6 aliphatic. Optional substitutents on the aliphatic 
group of R* are selected from NH2, NH(C1_4 aliphatic), 
N(Cl_4 aliphatic)2, halogen, C1_4 aliphatic, OH, O(Cl_4 ali 
phatic), NO2, CN, CO2H, CO2(C1_4 aliphatic), O(halo Cl_4 
aliphatic), or halo(Cl_4 aliphatic), Wherein each of the fore 
going Cl_4aliphatic groups of R* is unsubstituted. 

In some embodiments, optional substitutents on the nitro 
gen of a non-aromatic heterocyclic ring include iR’Q 

iN(R+)2, %(O)R+, %O2R+, iC(O)C(O)R+, %(O) 
CH2C(O)R+, iSO2R+, iSO2N(R+)2, %(:S)N(R+)2, 
iC(:NH)iN(R+)2, or iNR+SO2R+; Wherein R+ is 
hydrogen, an optionally substituted C1_6 aliphatic, optionally 
substituted phenyl, optionally substituted 4O(Ph), option 
ally substituted iCH2(Ph), optionally substituted 
i(CH2)l_2(Ph); optionally substituted iCH:CH(Ph); or 
an unsubstituted 5-6 membered heteroaryl or heterocyclic 
ring having one to four heteroatoms independently selected 
from oxygen, nitrogen, or sulfur, or, tWo independent occur 
rences of R", on the same substitutent or different substi 

tutents, taken together With the atom(s) to Which each R+ 
group is bound, form a 5-8-membered heterocyclyl, aryl, or 
heteroaryl ring or a 3-8-membered cycloalkyl ring, Wherein 
said heteroaryl or heterocyclyl ring has 1-3 heteroatoms inde 
pendently selected from nitrogen, oxygen, or sulfur. Optional 
substitutents on the aliphatic group or the phenyl ring of R+ 
are selected from NH2, NH(C1_4 aliphatic), N(Cl_4 
aliphatic)2, halogen, C1_4 aliphatic, OH, O(Cl_4 aliphatic), 
NO2, CN, CO2H, CO2(C1_4 aliphatic), O(halo C 1_ 4 aliphatic), 
or halo(C 1_ 4 aliphatic), Wherein each of the foregoing C 1_ 4ali 
phatic groups of R+ is unsubstituted. 

As detailed above, in some embodiments, tWo independent 
occurrences of R0 (or R", or any other variable similarly 
de?ned herein), may be taken together With the atom(s) to 
Which each variable is bound to form a 5-8-membered het 
erocyclyl, aryl, or heteroaryl ring or a 3-8-membered 
cycloalkyl ring. Exemplary rings that are formed When tWo 
independent occurrences of R0 (or R", or any other variable 
similarly de?ned herein) are taken together With the atom(s) 
to Which each variable is bound include, but are not limited to 
the folloWing: a) tWo independent occurrences of R0 (or R", or 
any other variable similarly de?ned herein) that are bound to 
the same atom and are taken together With that atom to form 
a ring, for example, N(R°)2, Where both occurrences of R0 are 
taken together With the nitrogen atom to form a piperidin-l - 
yl, piperaZin-l -yl, or morpholin-4-yl group; and b) tWo inde 
pendent occurrences of R0 (or R", or any other variable simi 
larly de?ned herein) that are bound to different atoms and are 
taken together With both of those atoms to form a ring, for 
example Where a phenyl group is substituted With tWo occur 
rences of 
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OR" 

OR", 

these tWo occurrences of R0 are taken together With the oxy 
gen atoms to Which they are bound to form a fused 6-mem 
bered oxygen containing ring: 

Koo 
It Will be appreciated that a variety of other rings can be 
formed When tWo independent occurrences of R0 (or R", or 
any other variable similarly de?ned herein) are taken together 
With the atom(s) to Which each variable is bound and that the 
examples detailed above are not intended to be limiting. 

In some embodiments, an alkyl or aliphatic chain can be 
optionally interrupted With another atom or group. This 
means that a methylene unit of the alkyl or aliphatic chain is 
optionally replaced With said other atom or group. Examples 
of such atoms or groups Would include, but are not limited to, 
iNRi, wi, isi, %o,i, ioc(o)i, %(o) 
coi, %(o)i, iC(O)NRi, %(:N%N), 
iNRCOi, iNRC(O)Oi, iSOZNRi, iNRSO2i, 
iNRC(O)NRi, iOC(O)NRi, iNRSOZNRi, 
iSOi, or isozi, Wherein R is de?ned herein. Unless 
otherWise speci?ed, the optional replacements form a chemi 
cally stable compound. Optional interruptions can occur both 
Within the chain and at either end of the chain; i.e. both at the 
point of attachment and/ or also at the terminal end. TWo 
optional replacements can also be adjacent to each other 
Within a chain so long as it results in a chemically stable 
compound. Unless otherWise speci?ed, if the replacement or 
interruption occurs at the terminal end, the replacement atom 
is bound to an H on the terminal end. For example, if 
4CH2CH2CH3 Were optionally interrupted With ‘Of, the 
resulting compound could be 4OCH2CH3, iCH2OCH3, or 
%H2CH2OH. 
As described herein, a bond draWn from a substitutent to 

the center of one ring Within a multiple-ring system (as shoWn 
beloW), represents substitution of the substitutent at any sub 
stitutable position in any of the rings Within the multiple ring 
system. For example, Figure a represents possible substitu 
tion in any of the positions shoWn in Figure b. 

FIG. a 

\ I 

J X 
/ N 

H 
FIG. b 

X 

X X 

X l|\I X 
X X 
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This also applies to multiple ring systems fused to optional 
ring systems (Which Would be represented by dotted lines). 
For example, in Figure c, X is an optional sub stitutent both for 
ring A and ring B. 

FIG. 0 

If, however, tWo rings in a multiple ring system each have 
different substitutents draWn from the center of each ring, 
then, unless otherWise speci?ed, each substitutent only rep 
resents substitution on the ring to Which it is attached. For 
example, in Figure d, Y is an optionally substitutent for ringA 
only, and X is an optional substitutent for ring B only. 

Unless otherWise stated, structures depicted herein are also 
meant to include all isomeric (e.g., enantiomeric, diastereo 
meric, and geometric (or conformational)) forms of the struc 
ture; for example, the R and S con?gurations for each asym 
metric center, (Z) and (E) double bond isomers, and (Z) and 
(E) conformational isomers. Therefore, single stereochemi 
cal isomers as Well as enantiomeric, diastereomeric, and geo 
metric (or conformational) mixtures of the present com 
pounds are Within the scope of the invention. 

Unless otherWise stated, all tautomeric forms of the com 
pounds of the invention are Within the scope of the invention. 
Additionally, unless otherWise stated, structures depicted 
herein are also meant to include compounds that differ only in 
the presence of one or more isotopically enriched atoms. For 
example, compounds having the present structures except for 
the replacement of hydrogen by deuterium or tritium, or the 
replacement of a carbon by a 13 C- or l4C-enriched carbon are 
Within the scope of this invention. Such compounds are use 
ful, for example, as analytical tools or probes in biological 
assays. 

Description of Compounds of the Invention 
The present invention relates to a compound of formula 1: 

R3 
/ 

N 
H 

or a pharmaceutically acceptable salt thereof, Wherein 

R3 is H, C1 or F; 
X1 is N or CR4; 
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R2 is H, F, R‘, OH, OR‘, COR‘, COOH, COOR', CONH2, 
CONHR', CON(R‘)2, or CN; 

R4 is H, F, R‘, OH, OR‘, COR‘, COOH, COOR', CONH2, 
CONHR', CON(R‘)2, or CN; 

or R2 and R4, taken together, form a 5-7 membered aryl or 
heteroaryl ring optionally substituted With 1-4 occurrences 
of R10; 

R‘ is a Cl_3 aliphatic optionally substituted With l-4 occur 
rences of R5 ; 

each R5 is independently selected from halogen, CF3, OCH3, 
OH, SH, NO2, NH2, SCH3, NCH3, CN or unsubstituted 
C l_2 aliphatic, or tWo R5 groups, together With the carbon to 
Which they are attached, form a cyclopropyl ring or C:O; 

each R10 is independently selected from halogen, OCH3, OH, 
NO2, NH2, SH, SCH3, NCH3, CN or unsubstituted C1_2ali 

R“ is H or is a ‘CL2 aliphatic optionally substituted With l-3 
occurrences of R11; 

each R1 1 is independently selected from halogen, OCH3, OH, 
SH, NO2, NH2, SCH3, NCH3, CN, CON(Rl5)2 or unsub 
stituted C l_2 aliphatic, or tWo Rll groups, together With the 
carbon to Which they are attached, form a cyclopropyl ring 
or C:O; 

R6 is a C1_4 aliphatic optionally substituted With l-5 occur 
rences of R12; 

each R12 is independently selected from halogen, OCH3, OH, 
NO2, NH2, SH, SCH3, NCH3, CN or unsubstituted C1_2ali 
phatic, or tWo Rl2 groups, together With the carbon to 
Which they are attached, form a cyclopropyl ring; 

Ring A is a 4-8 membered saturated nitrogen-containing ring 
comprising up to tWo additional heteroatoms selected from 
N, O or S and optionally substituted With l-4 occurrences 
of R13; 

each R13 is independently selected from halogen, R‘, NH2, 
NHR‘, N(R‘)2, SH, SR‘, OH, OR‘, NO2, CN, CF3, COOR', 
COOH, COR‘, OC(O)H, OC(O)R‘, CONH2, CONHR', 
CON(R‘)2, NHC(O)R‘ or NR‘C(O)R‘; or any tWo Rl3 
groups, on the same substitutent or different substitutents, 
together With the atom(s) to Which each R13 group is 
bound, form a 3-7 membered saturated, unsaturated, or 
partially saturated carbocyclic or heterocyclic ring option 
ally substituted With l-3 occurrences of R5 ; 

R8 is Cl_4 aliphatic optionally substituted With l-5 occur 
rences of R12; 

R9 is C1_2 alkyl; or 
R8 and R9 are taken together to form a 3-7 membered car 

bocyclic or heterocyclic saturated ring optionally substi 
tuted With l-5 occurrences of R12; 

R14 is H or unsubstituted C1_2 alkyl; 
R15 is H or unsubstituted C1_2 alkyl; and 
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R7 is a C2_3 aliphatic or cycloaliphatic optionally substituted 
With up to 6 occurrences of F. 

In one embodiment, a compound of the invention has one 
of formulae I-A or I-B: 

4 I-A 

R2 R 

/ \ R1 
N 
/N 

R3 

\ 
N E 

2 I-B 

R N 

V/YRI. N 
/N 

R3 

\ 
N E 

In one embodiment, R3 is H or Cl. In a further embodiment, 
R3 is Cl. In a further embodiment, R3 is H. 

In one embodiment, R2 is H, F, R', OH or OR‘. In a further 
embodiment, R2 is H or F. 

In one embodiment, the compound is of formula I-A and 
R4 is H, F, R', OH or OR‘. In another embodiment, R4 is H or 
F. In a further embodiment, R4 is F and R2 is H. In another 
embodiment, R2 is F and R4 is H. In another embodiment, R2 
and R4 are both H. In a further embodiment, R3 is Cl. In an 
alternative embodiment, R3 is H. 

In another embodiment, the compound is of formula I-A 
and R2 and R4 are taken together to form a 6-membered aryl 
ring. In a further embodiment, R3 is Cl. In an alternative 
embodiment, R3 is H. 

In another embodiment, R7 is CH2CH3, CH2CF3, 
CH2CHF2, CH2CH2F, CH2CH2CH3, CH2CH2CF3, 
CH2CH2CH2F or CHZCHZCHFZ. In a further embodiment, 
R7 is CH2CH3, CH2CF3, CHZCHZCH3 or CH2CH2CF3. Inyet 
a further embodiment, R7 is CH2CF3. 

In another embodiment, R" is H or CH3. In a further 
embodiment, R" is H. 

In another embodiment, R14 is H. In yet another embodi 
ment, R15, if present, is H. In another embodiment, R15 is 
absent. 

In another embodiment, the invention provides a com 
pound of formula II: 

Cl 
/ 
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Wherein XIA is N, CH or CF and R“ is 

Ill“; 

further embodiment, R7 is CH2CH3, CH2CF3, CHZCHZCH3 
or CH2CH2CF3. In yet a further embodiment, R7 is CH2CF3. 

In another embodiment, the invention provides a com 
pound of formula III: 

III 

/ 
\ I \ 
N E 

In a further embodiment, R7 is CH2CH3, CH2CF3, 
CHZCHZCH3 or CH2CH2CF3. In yet a further embodiment, 
R7 is CH2CF3. 



US 7,767,816 B2 
11 

In another embodiment of any of formulae I, II or III, R6 is 
selected from 

O—CH3 SCH3 CHZCN CHZOH CHZSH 

/ 

CHCF HC CH HC 
2 3 3 \/ 3 3\/ 

CH3 
H C CF HO CH H C CH CH H C CH 

3 \/ 3 \/ 3 3 \/ 2 3 3 \l/ 3 

CHFZ 

CF3. 

In a further embodiment, R6 is selected from 

CH3 CH2SCH3 Ho CH3 

CH3 

V 

CH3. CHCH HC CH HC 
_/ 2 3 3V 3 or 3 

In yet a further embodiment, R6 is selected from 

CH3 or H3C CH3. 

In another embodiment of any of formulae I, II or III, Ring 
A is 

9% 
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-continued 

(RUM-3 / /\ 3, 

and R13‘ is H or R13. 

In a further embodiment, Ring A is 

g (Rl3)0-3> % ,_, (RUM-4, 

7g5 71) N N 

(Rub-3, (Rl3)0-2. 

32% “3;? 
In a further embodiment, Ring A is 

(RUM-3. 

N 

In one embodiment, each R13 is independently selected 
from halogen, R', NH2, NHR', N(R')2, SH, SR', OH, OR', 
N02, CN, CF3, COOR', COOH, COR‘, OC(O)R' or NHC(O) 
R'; or any tWo Rl3 groups, on the same substitutent or differ 

ent substitutents, together With the atom(s) to Which each R13 
group is bound, form a 3-7 membered saturated, unsaturated, 
or partially saturated carbocyclic or heterocyclic ring option 
ally substituted With 1-3 occurrences of R5. 

In one embodiment of this invention, R13 is absent. In 
another embodiment, Ring A is substituted With one occur 
rence of R13 . In a further embodiment, the one occurrence of 
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R13 is OH, CH3, F, OR‘ or NHR'. In yet a further embodiment, 
R' is C1_2 alkyl or C2_3 alkenyl. In another embodiment, R13 is 
OH. 

In another embodiment of any of formulae I, II or III, R8 
and R9 are taken together to form a ring selected from 

(Rl3)0-1 /(Rl3)0-3 
/ j i 10 

/(Rl3)04 
/(Rl3)0-3 

or ; 15 

Wherein one or more carbon atoms in of said ring are option 

ally and independently replaced by N, O or S. 20 

In another embodiment of any of formulae I, II or III, R8 
and R9 are 

H3C\/CH3 CH3 CH3 H3C\/CH3 H3C CH3 25 

?/CH3 KCH3 
CH CH H C CF H C CF 

/ 3 3 3 \/ 3 3 Y 3 
4, CH CH 
'a/CH3 ,. \“CH3 =/ 3 3-““ 3 30 

/CF3 CF3 H3C\/CH3CH3 H3C CH2CH3 

"r/cHg 7% CH3 CH3 H3C CH3 35 

H3C\;CH3 H3C CH3 
3/CH3 @CH} 3/0333 "3 

H3C CH3. 
40 

CH3 

_ 8 9 45 
In a further embodiment, R and R are 

CH CH H C CH 
3 3 3 \_/ 3 

H C CH ? CH 50 
3 \/ 3 =/ 3 

CH CH 
H C CH 3 3 H C CF 

3 3 / 3 \_/ 3 

\\\\\CH3 /CH3 ‘\“CH3 §/CH3 
CF3 CF3 55 H C CF H C CH CH 

3 3 / 3 \_/ 2 3 

\\\\\CH3 /CH3 \\\\\CH3 §/CH3 
CH3 CH3 

H3C CH2CH3 H3C\;CH3 H3C CH3 
_ 60 

\\\\CH3 §/CH3 \\\CH3 

H3C>/CH3 or H3C CH3. 

?/CH3 CH3 65 
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In yet a further embodiment, R8 and R9 are 

CH3 CH3 
HC CH 

3 V 3 

CH3 HC CH 
3 \_/ 3 / 

CH 3% CH 
/ 3 / 3 

HC CH CH HC CH 

3 V 2 3 3 Y 3 ? CH 
=/ 3 _ 

é/CH3 
CF HC CF 3 

3 V 3 

E/CH3 Of .1 /CH3. 

In still a further embodiment, R8 and R9 are 

In another embodiment, the invention provides a com 
pound of formulae I, IA, IB, II or III, Wherein said compound 
inhibits a JAK kinase With a loWer Kl- (i.e., is more potent) 
than said compounds inhibits one or more kinases selected 

from Aurora-1 (AUR-B), Aurora-2 (AUR-A), Src, CDK2, 
Flt-3 or c-Kit. In another embodiment, the invention provides 
a compound of formulae I, IA, IB, II or III, Wherein said 
compound inhibits JAK3 With a loWer Kl- than said compound 
inhibits one or more kinases selected from JAK2, Aurora-1, 
Aurora-2, Src, CDK2, Flt-3 or c-Kit. 

In another embodiment, the invention provides a com 
pound of any of formulae I, IA, IB, II or III, Wherein said 
compound inhibits JAK3 With a K- of less than 0.1 uM. In a 
further embodiment, the invention provides a compound of 
any of formulae I, IA, IB, II or III, Wherein said compound 
inhibits JAK3 With a Kl. of less than 0.01 uM. In another 
embodiment, the invention provides a compound of any of 
formulae I, IA, IB, II or III, Wherein said compound inhibits 
JAK3 With a K- of less than 0.01 HM and inhibits Aurora-2 
With a K- that is at least 5-fold higher than the K- of JAK3. In 
a further embodiment, the invention provides a compound of 
any of formulae I, IA, IB, II or III, Wherein said compound 
inhibits JAK3 With a Kl. of less than 0.01 HM and inhibits 
Aurora-2 With a K- that is at least 10-fold higher than the K- of 
JAK3. 

In another embodiment, the invention provides a com 
pound of formulae I, IA, IB, II or III, Wherein said compound 
inhibits JAK3 in a cellular assay With an IC5O of less than 5 
uM. In a further embodiment, said compound inhibits JAK3 
in a cellular assay With an IC5O of less than 1 uM. 

In another embodiment, said compound inhibits JAK3 in a 
cellular assay With an IC5O that is at least 5-fold less than said 
compound inhibits one or more kinases selected from JAK2, 
Aurora-1, Aurora-2, Src, CDK2, Flt-3 or c-Kit in a cellular 
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assay. In another embodiment, the invention provides a com 
pound of formulae I, IA, IB, II or III, Wherein said compound 
inhibits JAK3 in a cellular assay With an IC5O of less than 5 
uM, Wherein the IC5O of JAK2 is at least 5-fold higher than the 
IC5O of JAK3. In a further embodiment, said compound inhib 
its JAK3 in a cellular assay With an IC5O of less than 1 uM, 
Wherein the IC5O of JAK2 is at least 5-fold higher than the 
IC5O of JAK3. In a further embodiment, said compound inhib 
its JAK3 in a cellular assay With an IC5O of less than 5 uM, 
Wherein the IC5O of JAK2 is at least lO-fold higher than the 
IC5O of JAK3. In a further embodiment, said compound inhib 
its JAK3 in a cellular assay With an IC5O of less than 1 uM, 
Wherein the IC5O of JAK2 is at least lO-fold higher than the 
IC5O of JAK3. In yet a further embodiment, the invention 
provides a compound of formulae I, IA, IB, II or III, Wherein 
said compound inhibits JAK3 in a cellular assay With an IC5O 
of less than 1 uM, Wherein the IC5O of JAK2 is at least 5-fold 
higher than the IC5O of JAK3, and Wherein said compound 
inhibits JAK3 With a K- of less than 0.01 HM and inhibits 
Aurora-2 With a K- that is at least 5-fold higher than the K- of 
JAK3. In yet a further embodiment, said compound inhibits 
JAK3 in a cellular assay With an IC5O of less than 1 uM, 
Wherein the IC5O of JAK2 is at least lO-fold higher than the 
IC5O of JAK3, and Wherein said compound inhibits JAK3 With 
a Kl. of less than 0.01 HM and inhibits Aurora-2 With a Kl. that 
is at least l0-fold higher than the K- of JAK3. 

In another embodiment, the invention provides a com 
pound of Table 1, Table 2 or Table 3: 

TABLE 1 

F 
F 

PAH N 
N H/ 

F/ N/ 
H o \N 

01 

|\\ 
/ 

NN\ 
H 
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TABLE l-continued 

| \ \ F 

N/ N\ 
H 

4 
c1 

\ 
N 

\ / 

H/N/ N 
I \ 

N / 

N 
o \H 

N\H 
F F 

F 

5 
F 

FDL H F 
\ 
N 

N / \H 
\ N 

01 |\ \ 
N/ N\ 

H 

6 

F 
H 

0 

W15 H 
N” P35 

01 |\ \ H F F 

N/ N\ 
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